HGF), which consists of 2 peptide chains linked by a disulfide bond. 2, 3 Its biological effect is mediated by the cell membrane receptor protooncogene, MET (HGF receptor). Consequently, HGF bioactivity is blocked by inhibitors of protein kinase C and protein tyrosine kinases. 4 HGF synthesis is regulated by prostaglandins, cytokines, and hormones, while cellular secretion is stimulated by acute phase proteins (tumor HGF is the key cytokine in pulmonary alveolar homeostasis and a potent mitogen for lower airway epithelial cells, which are mainly produced by lung fibroblasts, macrophages, and pneumocytes. It upregulates DNA synthesis in type II pneumocytes in vivo and inhibits their apoptosis.
6,9 Elevated HGF concentrations were found in serum and bronchoalveolar lavage (BAL) fluid from patients with sarcoidosis, interstitial lung disease (ILD) associated with rheumatoid arthritis, and acute lung injury. These findings were interpreted as evidence for HGF's involvement in lung repair.
10 Similar conclusions were drawn from the observation that serum HGF concentrations were increased in patients recovering from surgical lung resection. 11 In vitro, Faehling et al.
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showed a similar inhibitory effect of HGF-rich BAL supernatants from patients with active sarcoidosis and of recombinant HGF on cultured necrosis factor α, interleukin [IL] 1α, IL-1β, and IL-6, platelet-derived growth factor, and fibroblast growth factor β) as well as cyclic adenosine monophosphate. 5 Interestingly, interferon γ is active both as a stimulator of HGF secretion and an upregulator of MET expression by hepatocytes. It has been also demonstrated that, in response to a local injury, HGF activator is secreted and converted into an active form. On the other hand, 2 specific interrelated HGF activator inhibitors are present on the cell surface or in the cytoplasm. 2, 6 HGF is functional in a wide variety of tissues and cell types; it is a regenerative protein, protecting tissue repair in response to injury, especially epithelial and endothelial cells. HGF initiates angiogenesis, stimulates proliferation, differentiation, and motility of cells. It is also involved in the local regulation of fibrinolysis and coagulation. 1,7,8 FIGURE 1 Intracellular hepatocyte growth factor (HGF) expression levels in alveolar lymphocytes (AL) and bronchoalveolar lavage (BAL) neutrophils. Flow cytometry sample of BAL cells collected from untreated nonsmoking patients with idiopathic pulmonary fibrosis (IPF); A -AL gating (gate A) according to fluorescein isothiocyanate (FSC) / side scatter (SSC) parameters (SSC in log scale); B -FL1/FL2 quadrant analysis of gate A in the sample stained intracellularly with mouse anti-HGF monoclonal antibody and secondary antimouse fluorescein isothiocyanate-conjugated serum; an average 77% of AL were positive with HGF; the markers are set according to the negative control sample (not shown); the nonspecific staining (2% of the gated AL) was attracted; C -BAL neutrophil gating (gate B, the same FSC/SSC parameters as in A); D -FL1/FL2 quadrant analysis of a neutrophil gate in the same staining as in B; an average of 98% of the BAL neutrophils were positive with HGF; the markers were set according to the negative control sample (not shown). 17 A diagnosis of BOOP (ie, organizing pneumonia) was made on the basis of a suggestive clinical presentation, radiological findings, and histological examination.
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Patients with chronic EP presented a distinctive clinical pattern including peripheral blood and BAL eosinophilia. BAL lymphocytes accounted for 25% of BAL leukocytes or more in all patients with EP, except 1 (a 37-year-old male; BAL eosinophilia, 17.6%). In all patients, the relative number of eosinophils in BAL fluid exceeded that of alveolar lymphocytes. 16 The PS and IPF groups were stratified according to their smoking status, since the BAL immunocytological and biochemical results are strongly modified by tobacco consumption.
19 There were 21 smokers with PS (44% of 57 untreated subjects) and 9 with IPF (45% of 20). The nonsmoker subgroups of patients with PS (n = 9), IPF (n = 5), and NSIP (n = 5) who received ongoing oral corticosteroid therapy (prednisone, 15-60 mg, for at least 3 months before BAL) were analyzed separately. Otherwise, there was no history of previous systemic steroid or immune suppressive therapy. All of the corticosteroid-treated patients participating in the study were nonsmokers.
The control group consisted of 13 subjects: 7 nonsmokers and 6 smokers who were free from any lung pathology, with no symptoms of acute or chronic lung disorder, as well as normal lung function test results as well as chest X-ray and HRCT findings. They were not treated with corticosteroid or any medication known to be a potential human fibroblasts. Consequently, the current literature provides rather scarce and mostly indirect evidence for the antifibrotic activity of HGF. On the basis of these findings, we attempted to assess the definite role of HGF as an antifibrotic factor in selected ILDs.
PATIENTS AND mEThODS Study population
A total of 109 patients with ILDs including pulmonary sarcoidosis (PS, n = 52), idiopathic pulmonary fibrosis (IPF, n = 23), nonspecific interstitial pneumonia (NSIP, n = 14), extrinsic allergic alveolitis (EAA, n = 6), bronchiolitis obliterans organizing pneumonia (BOOP, n = 8), and eosinophilic pneumonia (EP, n = 6) were included into the study.
Newly-diagnosed PS was confirmed on the basis of a characteristic clinical presentation, patient-specific histology (noncaseating granulomas in biopsy), and high-resolution computer tomography (HRCT) findings.
14 PS patients were stratified according to conventional chest X-ray staging or, alternatively, according to a clinical phenotype into groups with Löfgren syndrome, chronic progressive sarcoidosis, and chronic stable sarcoidosis. 15 EAA was diagnosed on the basis of clinical data, including typical symptomatology following allergen exposure, the presence of specific antibodies in serum, typical HRCT findings, and lung function test results. In 5 patients (71%), the diagnosis was confirmed by lung biopsy. 16 In patients with IPF / usual interstitial pneumonia (IPF/UIP, n = 18, 72%) and NSIP (100%), the diagnosis was verified by a histological examination of the lung biopsy. In 6 patients with IPF/ UIP, biopsy was not performed, and the diagnosis with an ELISA kit (Quantikine cat. n o DB100B, R&D Systems). The optical density was measured at 450 nm using a spectrophotometric reader, ELx800 (Biotek Instruments, Inc., Winooski, Vermont, United States). The results were expressed as pg/ml. Bronchoalveolar lavage immune cell typing and flow cytometry All of the BAL samples fulfilled the precise criteria for cytometric material acquisition and analysis.
21 Direct 3-color typing was applied. In brief, BAL samples containing 50 μl of cell suspension (2-10 × 10 6 cells/ml) were incubated with saturating amounts of mouse, fluorochrome-conjugated, monoclonal antibodies directed against human superficial CD4, CD8, and CD45 markers (cat. n o 345 768, 345 773, and 345 809, respectively, BD Biosciences, San Jose, California, United States) for 30 minutes in the dark, washed in phosphate buffered saline (PBS), and then resuspended in 300 μl of PBS with formaldehyde (1%). The internal control consisted of a sample stained with a negative isotype control (Tritest cat. n o 340 385, BD Biosciences).
21,22
The intracellular HGF expression in alveolar lymphocytes (AL) was examined using indirect immunofluorescence staining. Cell suspensions (100 μl, 2-10 × 10 6 cells/ml) were subsequently incubated with FACS Lysing Solution (cat. n o 349 202, BD Biosciences) and FACS Permeabilizing Solution 2 (cat. n o 340 973, BD Biosciences), and washed in PBS with bovine serum albumin (BSA, 0.5%; cat. n o 554 657, BD Biosciences) and NaN 3 (0.1%). The cell pellets were then resuspended in PBS with BSA/NaN 3 , incubated for 30 minutes with a saturating amount (usually 10 μl) of cause of an ILD. Three control subjects (2 nonsmokers and 1 smoker) were part of the control group in a previously published study. 13 Bronchoalveolar lavage and cytology The BAL procedure was part of the routine diagnostic workup. Informed consent was obtained from all patients (Bioethics Committee of Nicolaus Copernicus University, approval no. KR116/2006). BAL was performed according to the European Respiratory Society guidelines, as described before.
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In brief, premedication with midazolam and local upper airway anesthesia with lidocaine (2%) was followed by bronchofiberoscopy with Olympus BF-H190 (Olympus, Tokyo, Japan). The right lung's middle lobe (alternatively left lung lingual) was lavaged with 200 ml of sterile NaCl solution (0.9%), instilled sequentially with 4 50-ml aliquots. Then, BAL fluid fractions were retrieved by gentle suction, pooled, filtered, and immediately transported to the laboratory.
Fluid recovery was calculated as the percentage of instilled volume. The total cell count, cell viability (Trypan Blue exclusion test), and differential count of BAL inflammatory cells were calculated, as described previously. 21 Assessment of hepatocyte growth factor and transforming growth factor β concentrations in bronchoalveolar lavage supernatants HGF concentrations in BAL supernatants was evaluated by an enzyme-linked immunosorbent assay (ELISA) kit (Quantikine cat. n o DHG00, R&D Systems, Minneapolis, Minnesota, United States) according to the manufacturer recommendations. TGF-β concentrations in BAL supernatants was assessed differences were not observed owing to a small number of subjects (FIGURE 2). There was no difference in airway HGF expression levels, if PS was stratified according to the clinical form of the disease, ie, into Löfgren syndrome, chronic progressive sarcoidosis, or chronic stable sarcoidosis (data not shown). Of note, all of the BAL samples were eligible for assessment using the highly sensitive ELISA. Interestingly, there was a trend towards the reduction of HGF concentrations in corticosteroid-treated patients with PS, but not in those with IPF and NSIP (FIGURE 3) . Additionally, the immunophenotypic analysis of BAL cells demonstrated that HGF was commonly expressed by AL in all of the examined ILD groups. FIGURE 4 shows data for nonsmokers ( HGF expression levels in BAL neutrophils exceeded 95% of these cells in all subjects with ILD with relative neutrophil numbers of 5% or more (33% of the patients, 39 of 120). In subjects with sparse neutrophil pools (<5%), the distinct BAL neutrophil dot plot was not available for a reliable analysis owing to the scatter sharing with other cells, mainly macrophages. The same problem was found in controls, since this group usually revealed only some neutrophils in their BAL material (TABlE 1) . Thus, we were not able to compare the HGF expression in BAL neutrophils of ILD patients with control subjects.
Interestingly, a strong positive correlation between HGF concentrations and a relative number of BAL neutrophils (r = 0.32; P = 0.0002) as well as eosinophils (r = 0.31; P = 0.0002) was demonstrated in ILDs. A significant positive correlation was also shown for HGF and TGF-β concentrations in BAL supernatants (r = 0.29; P = 0.02). The HGF concentration in BAL fluid was negatively correlated with predicted vital capacity in ILD patients (r = -0.21; P = 0.02). DISCUSSION ILDs are characterized by disturbed airway homeostasis caused by primary epitheliopathy, as observed in IPF, 24 or due to prolonged lower airway inflammation, as in other disorders.
25 Both phenomena result in tissue damage or irreversible lung fibrosis or both driven by fibroblast activation and proliferation, myofibroblast foci development, epithelial-myofibroblast transition (EMT), and increased apoptotic activity demonstrated by inflammatory and structural lung cells.
26,27 This process may lead to unfavorable outcomes, especially in IPF with fatal lung fibrosis as an inherent feature.
HGF has been considered a powerful lung protective factor that promotes epithelial and endothelial cell survival, fibroblast quiescence, and normal extracellular matrix turnover.
1 Its significant mouse antihuman HGF monoclonal antibody (cat. n o MAB294, R&D Systems), and washed with PBS. For secondary incubation, polyclonal rabbit, fluorescein isothiocyanate (FITC)-conjugated, antimouse serum (cat. n o F0313, DAKO Cytomation, Glostrup, Denmark) was applied for 10 minutes in the dark. The cells were washed in PBS and resuspended in 300 μl of PBS with formaldehyde (1%). The internal control consisted of a sample that was proceeded identically, except it was stained with primary antibody, which was replaced with the respective volume of PBS.
Flow cytometric data were acquired within 24 hours after staining, using a standard 488-nm argon ion laser (FACSCalibur cytometer, BD Biosciences). Emitted light was detected through specific barrier filters for the emission range of the fluorochromes used in the study: standard fluorescence channel FL1 for FITC (CD4, HGF), FL2 for PE-phycoerythrin (CD8), and FL3 for PE-Cy5-phycoerythrin-cyanine 5 (CD45). In each sample, from 8000 to 12 000 cells were obtained. Alveolar macrophages, AL, and BAL granulocytes were gated according to cell granularity (side scatter) and the intensity of CD45 staining (FIGURE 1). The AL phenotype was yielded by a dot plot quadrant analysis of the respective fluorescence channels. 13, 21 Statistical analysis Patient age and lung function data were presented as mean ± standard deviation, while the concentrations of HGF and TGF-β in BAL supernatant, AL staining results, and cytology data-as a median ± standard error of the mean (owing to the nonparametric distribution of the values).
23 The Mann-Whitney test was used to compare the groups (untreated patients with ILD versus controls, independently for nonsmokers and smokers, corticosteroid-treated versus untreated). The correlations between 2 random variables were tested by the Spearman rank correlation coefficient. A P value of less than 0.05 was considered statistically significant.
RESUlTS
The demographic and clinical characteristics of the study groups are presented in Nonsmokers and smokers were compared with respective controls, and corticosteroid-treated patients with nonsmoking, corticosteroid-naive counterparts.
Data are presented as median ± standard error of the mean (range). a only nonsmoking patients were considered, 28 demonstrated a significant antifibrotic effect of the HGF gene transfer to the lungs in rats exposed to bleomycin. Consequently, HGF has been regarded as a promising experimental therapeutic tool for lung fibrosis, mostly in gene therapy for IPF.
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antifibrotic effects, resulting in the downregulation of fibroblast activity, the induction of myofibroblast apoptosis, and EMT inhibition, were demonstrated in vivo in animals. In the model of bleomycin-induced lung injury in mice, HGF administration reduced morphological changes, including fibrosis, presumably via TGF-β downregulation.
28,29 HGF was also shown to inhibit EMT in clinically active patients, including those with Löfgren syndrome, versus patients with stable sarcoidosis. Meanwhile, in a very adequately powered study, Piotrowski et al. 34 did not observe any significant differences between healthy controls and PS subjects for HGF concentrations in BAL fluid or exhaled breath condensate and did not find any correlation between HGF expression levels and parameters of PS activity.
In our study, only the IPF group demonstrated a significantly higher HGF concentration in BAL supernatant, compared with healthy controls. In patients with other ILDs characterized by a lower risk of progressive pulmonary fibrosis or fatal outcome, HGF expression was not significantly upregulated. Meanwhile, the reduced expression of growth factors, including HGF, has for years been regarded as the hallmark of pulmonary fibrosis. As discussed in the Introduction section, this concept was based mainly on animal in vivo studies 28, 29, 35 or human fibroblasts cultured in vitro. 3, 5, 36 The clinical data from ILD patients are rather unequivocal. As early as in 1998, Hojo et al. 37 reported markedly higher HGF levels in serum and BAL fluid from patients with IPF. However, they studied a nonhomogenous group including both smokers and nonsmokers as well as corticosteroid-treated patients. Also, the methodologies that were available at that time did not allow for a reliable evaluation of HGF concentrations in as many as 43% of the samples (13 of 30). Recently, HGF expression was shown to be downregulated in IPF as compared with EAA in BAL fluid obtained from patients with ILD. An increase in HGF levels was also observed, as compared with controls, but the difference was statistically insignificant.
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In this context, our results may seem quite surprising. While the HGF concentration was significantly higher in BAL from IPF patients than from healthy controls, it was strongly positively correlated to BAL TGF-β and negatively to vital capacity, the major lung function indicator of ventilatory restriction. Moreover, AL and BAL neutrophils were identified as important sources of HGF in the airways. Thus, we believe that increased HGF expression level in both BAL and respiratory cells might result from lung injury rather than from a protective role against lung fibrosis.
The above conclusion is supported by previously published data. Verghese et al. 32 clearly showed that excessive HGF levels in edema fluid were strongly associated with higher mortality in patients with acute lung injury. Similarly, in subjects with interstitial pneumonitis or bacterial pneumonia, increased HGF concentrations in serum and exhaled breath condensate were positively correlated with disease severity, while low HGF levels were predictive of clinical improvement. 33 In a group of 30 patients with sarcoidosis, Piotrowski et al.
34 observed a strong correlation between HGF levels and total BAL cell count, as well as with a total number of alveolar macrophages, but not with a radiological stage, lung function parameters, or disease duration.
We failed to demonstrate any significant increase in HGF concentrations in BAL fluid from subjects with ILDs that are typically characterized by full restitution such as PS, EAA, and BOOP. The low number of patients in the EAA (n = 7) and BOOP (n = 7) groups was obviously an important bias factor. However, data from the available literature are rather inconclusive as well. Faehling et al. 12 reported a distinct HGF BAL phenotype antifibrotic mechanisms in IPF do occur (as observed in our study), but they are insufficient. In our opinion, the significant positive correlation between HGF levels in BAL fluid and vital capacity demonstrated in the present study indirectly but suggestively supports the hypothesis that HGF indicates fibrosis progression in ILD.
Another interesting finding reported in this study was the effect of smoking and steroid therapy on airway HGF production. In fact, it was significantly higher in IPF smokers than in healthy individuals, but no difference was observed in comparison with IPF nonsmokers. These observations are in line with the data published by Bonay et al., 40 who did not find any differences in airway HGF expression levels between healthy nonsmokers and smokers. We observed a suppressive effect of corticosteroids in a relatively small group of IPF patients. Although not significant, it was consistent with the in vitro studies showing the remarkable downregulation of HGF gene expression levels in human cells including lung fibroblasts cultured with corticosteroids.
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The exact lung cellular source of HGF has not been definitely established. The HGF pool originating from the respiratory epithelium is commonly considered to be part of an important autocrine regulatory mechanism.
41 However, Sakai et al. 10 detected HGF mRNA in alveolar Considering the pathomechanism of the disease, the upregulated synthesis of HGF observed in IPF patients should not be surprising. It is well known that HGF acts via a MET receptor expressed, among others, by alveolar epithelial cells and pulmonary fibroblasts, and that it is downregulated during the acute phase of lung injury. Importantly, both MET mRNA and protein expression in alveolar epithelial cells are upregulated by interferon γ.
4 As we reported previously, interferon-γ airway secretion is suppressed in fibrotic lungs.
39 Therefore, the upregulated HGF production might not be paralleled by an amplified biological effect but may rather represent a rebound effect in response to the diminished MET receptor expression. Additionally, lung fibroblasts derived from IPF patients are characterized by considerably reduced pro-HGF conversions to active HGF forms. Hence, pulmonary fibroblasts might not be locally suppressed enough by HGF, despite the protein's high expression in the lower airways.
5 Similarly suggestive is the significant positive correlation between HGF and TGF-β. In our opinion, the chronic inflammatory and profibrotic cytokine network observed in lung fibrosis may affect the opposite activities of antifibrotic factors such as HGF. However, TGF-β is probably the most important agent responsible for pulmonary fibrosis.
25 In other words, the protective a bleomycin-induced murine model, other authors demonstrated downregulated HGF expression in response to TGF-β instillation in an animal in vivo model. 36 We believe that both might reflect different phases of the homeostatic defensory mechanism in response to enhanced proinflammatory and profibrotic TGF-β activity. Indeed, we studied patients with chronic ILD with a relatively long disease duration at BAL examination. Meanwhile, Matsumoto et al. 36 who was the first to propose a key supportive role of HGF in the regenerative process following lung tissue damage, observed the onset of chronic injury in experimental animal models. 4, 36 In conclusion, our data do not support the antifibrotic activity of HGF implied by the negative correlation between its concentration in the lower airways and the clinical progression of lung fibrosis. 26 Quite the opposite, we demonstrated that, while HGF production is upregulated in IPF patients, it is also positively correlated with a major negative prognostic cellular biomarker, namely, BAL neutrophilia, and the key lung function parameter-vital capacity. It is possible that the positive correlation between BAL HGF and TGF-β concentrations in chronic ILDs just reflects the activation of homeostatic antifibrotic factors. However, these mechanisms might still not be effective enough to prevent lung fibrosis. Importantly, we were the first to show that, apart from macrophages and neutrophils, ALs might also be an important local source of HGF in the lungs of patients with ILDs.
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